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ABSTRACT

Thr oughout the 1990s, the Departnent of Defense has
under gone nunerous changes in an effort to save noney and
bring the mlitary infrastructure in line with the National
Security Strategy. One of the mpjor ways of reducing
mlitary infrastructure has been through the Base
Real i gnment and Cl osure program Before an installation
can be formally turned over to the I ocal community, the
mlitary service owning the base has to certify that the
land is environnentally safe for reuse. One of the
greatest problens di scovered on former weapons training
installations is the nunmerous pieces of Unexpl oded Ordnance
that were | ocated either on the surface or just bel ow the
surface in soil that will be reworked for |and devel opnent
projects by local city developers. This thesis provides a
conpr ehensi ve case study of the fornmer Fort Od
installation as the Arny goes through the process of
cl eani ng up Unexpl oded Ordnance so that the property can be
given to the City of Seaside, CA and other civilian
entities. A mathematical nodel is devel oped to better
estimate cl eanup costs using historical cost data that
coul d be used by the Defense Departnent prior to placing

installations on any future closure lists.
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I INTRODUCTION

A BACKGROUND OF BRAC

From the end of the Vietnam War until the |late 1980s,
congressional concern about the potential loss of jobs in
| ocal communities resulted in very few bases being studied
or recommended for closure or real i gnnent . These
circunstances prevented DOD from adapting its base
structure to significant changes in forces, technol ogies,
organi zational structures, and mlitary doctrine. The end
of the Cold War, and the associated reductions in the size
of the mlitary, increased the nunber of installations that
wer e candi dates for closure and realignnment.

To address this problem Congress created the Base
Real i gnment and C osure (BRAC) process, which works as
fol | ows: DOD carefully evaluates and ranks each base
according to a published plan for the size of future
mlitary forces using published criteria, adopted through a
rul e-maki ng process prior to each round. The criteria have
been the sane for each of the four rounds of BRAC and have

i ncl uded mlitary val ue, return on i nvest nment
envi ronment al I npact, and econoni ¢ I npact on t he
surroundi ng comrunities. The Secretary of Defense then

recoomends to an independent BRAC Conmmi ssion bases for
closure and realignnment. The Conmi ssion, aided by the
CGeneral Accounting Ofice (GAO, perforns a parallel,

public review of these recommendations to ensure that they

are, i ndeed, consistent wth the Departnent’s force
structure plan and selection criteria. It then submts its
recomendations to the President. The President and

Congress nust either accept these recommendations in total

or reject the entire package. To date there have been four



BRAC rounds approved by Congress: BRAC 88, BRAC 91, BRAC
93, and BRAC 95. [ Ref. 1]

B. BACKGROUND OF THE FORMER FORT ORD M LITARY
| NSTALLATI ON

In 1917, the U S. Arny bought the present day East
garrison and nearby lands on the east side of Fort Od to
use as a maneuver and training ground for field artillery
and cavalry troops stationed at the Presidio of Monterey,
CA. Before the Arny’s use of the property, the area was
agricultural, as is nuch of the surrounding |and today.
Beginning with its founding in 1917, Fort Od served
primarily as a training and staging facility for infantry
troops. From 1947 to 1975, Fort Od was a basic training
center. After 1975, the 7'" Infantry Division (Light)
occupied Fort Od. Light Infantry troops operated w thout
heavy tanks, arnmor, or artillery. Fort Od was selected in
1991 for Base Realignnent and Cosure (BRAC), but troop
reassi gnment was not conpleted until 1994 when the post
formally cl osed.[Ref. 2]

C. OBJECTI VE

The objective of this research was to provide a
conprehensive case study of the fornmer Fort Od
installation as the Arny goes through the process of
cl eaning up Unexpl oded Ordnance (UXO and turning the |and
over to the Gty of Seaside, CA and other civilian
entities. This project also provides a mathematical node
to better estimate the cost of UXO cl eanup using historica
cost data that could be used by DOD prior to placing other

installations on any future BRAC |i sts.



D. RESEARCH QUESTI ONS

The primary research question is:

VWhat are the cost drivers associated with the cleanup
of Unexpl oded Ordnance at BRAC sites?

The following secondary questions are developed to

help clarify and supplenment the primary research question:

1. What is BRAC and how do environnental |aws affect

the process?

2. What are sonme of the nethods used to clean up UXO
and how do they vary from one anot her?

3. Wiat is the current nmethod used to provide UXO
clearance estimates and is a better nmathemati cal

nodel for estimation possible?

E. SCOPE & LI M TATI ONS

The scope i ncl udes:

1. A case study of the process involved in UXO cl eanup
of former mlitary installations.

2. A discussion of the rmajor | egislation and

di rectives governi ng UXO cl eanup.

3. A developnment of a nathematical nodel usi ng
hi storical cost data and an assessnent of its use
wi t hi n DOD



This case study is limted to the former Fort Od
mlitary installation. The mathematical nodel wutilizes

cost data from20 sites |ocated on the former Fort Od.

F. ORGANI ZATI ON OF THE STUDY

Chapter 1l provides an overview of nmjor |egislation
affecting environnmental cleanup of UXO Included in
Chapter Il are National and Defense related |egislation.
Chapter 111 takes a detailed |ook at studies required prior

to environnmental cleanup of UXO to include assessnents,

i nvestigations, analysis, and action plans. Chapter 1V
provides a |list of mmjor organizations and their roles
relating to UXO cleanup. Chapter V describes various

met hods wused for vegetation clearance throughout the
envi ronmental cl eanup industry. It provides both pros and
cons for each alternative. Chapter Vi presents a
description of acquired data, an overview of regression
anal ysis, the regression outcone, and a conparison between
the former Fort Od nodel and the devel oped mathenati cal
nmodel using regression analysis. Finally, Chapter VII

delivers conclusions and recommendations for further study.



1. OVERVI EW OF MAJOR LEG SLATI ON AFFECTI NG ENVI RONMVENTAL
CLEANUP OF UXO

Preservation of the environment has beconme a mmj or
source of conversation these days. Society has been able
to advance technologically in many areas for decades, but
has failed to cone up with suitable alternatives to solve
t he probl em of environnmental contan nation.

Since Wrld War 11, the United States has been the
| eadi ng producer of the world s consumer products. The
United States, through its technol ogi cal advances, has put
together the nost formdable mlitary force in the world,
but not w thout paying a heavy price.

To ensure its mlitary is at its best at all tines,

t he Departnent of Defense has invested heavily in the
training of its arnmed forces, especially through live
ammunition training. Due to downsizing of mlitary forces
and infrastructure, DOD has di scovered how nuch

contam nati on has been left behind fromlive amunition
training on former mlitary installation. The cleanup of
Unexpl oded Ordnance has becone a high priority and DOD is
t aki ng necessary steps to elimnate the problem

This chapter will discuss the major |egislation
af fecting environnmental cleanup of UXO at fornmer mlitary
installations. Legislation to be discussed includes

federal, local, and defense rel ated regul ati ons.

A DEFENSE AUTHORI ZATI ON AMENDVENTS AND BASE CLOSURE AND
REALI GNVENT ACT OF 1988 (BCRA 88)

The Defense Authorization Amendnents and Base C osure
and Realignnent Act of 1988 (Public Law 100-526) provided

the Secretary of Defense with the authority to close all



mlitary installations that were provided to him in a
witten report by a 12-nmenber commttee, appointed by the
Secretary and known as the Conmm ssion on Base Realignnment
and d osure. It also provided the Secretary wth the
authority to realign all mlitary installations recommended
by the Conmission, and to initiate and conplete closure of
these facilities within a four-year period.

To ensure that there was a form of checks and bal ances
concerning reconmended closures, Congress permtted the
Secretary of Defense to carry out these closures only after
he had provided to both the House Arnmed Services Conmittee
(HASC) and Senate Arned Services Committee (SASC) his
personal approval. He was to provide to the HASC and SASC
a study of mlitary installations outside the United States
detailing if any efficiencies could be achieved through
closure or realignment of these facilities. He could not
take any action if a joint resolution was enacted
di sapproving the recommendations of the Commi ssion within
45 days begi nning March 1, 1989.

The Act provided the Commssion with an outline of
their duties, required that no nore than one-half of their
pr of essi onal staff consisted of DOD enpl oyees, made
available to the Secretary specific guidance on the
managenent and di sposal of property, the applicability of
any other laws that were to be adhered to, waiver requests,

and funding adm nistration.[Ref. 3]

B. NATI ONAL DEFENSE AUTHORI ZATI ON ACTS
1. Defense Base C osure and Real i gnnment Act of 1990
The Defense Base Cosure and Realignment Act of 1990
(DBCRA 90) provided a process designed to result in the

timely closure and realignnent of mlitary installations



through a detail ed organizational plan. The Act required
t he establishment of an independent comm ssion known as the
Def ense Base Cl osure and Real i gnment Conmi ssi on.

The Commssion was to consist of eight nenbers
appointed by the President of the United States under the
advi se and consent of Congress. The DBCRA 90 outlined
adm nistrative provisions relating to the nenbership and
duties of the Comm ssion, special conditions required by
the Commission and the Secretary of Defense regarding
potential closures and realignnments, actual inplenentation
of closures and realignments by the Secretary of Defense,
the applicability of other laws and regulations wth
enphasis on the National Environmental Policy Act (NEPA),
wai ver considerations, the requirenents of reports and
studies, and finally the establishment of the Departnent of
Def ense Base C osure Account for funding purposes.[Ref. 4]

2. Nati onal Defense Authorization Acts for Fiscal
Years 1992 and 1993

The National Defense Authorization Acts for FY92 and
FY93 required t hat Draft Fi nal Renedi al
| nvestigation/ Feasibility Studies (RI/FS) for BRAC 88 bases
on the National Priority List (NPL) be submtted to the
Environnental Protection Agency (EPA) wthin 24 nonths.
Draft Final RI/FSs for BRAC 92 bases on the NPL were to be
subnmitted to the EPA within 36 nonths. It also provided a
six nmonth extension under certain conditions. It anended
DBCRA 90 to clarify requirenments of the Conmi ssion and to
establish the BRAC account as the sole source of

environnmental restoration funding.[Ref. 5]



3. National Defense Authorization Act for Fiscal Year
1993 (NDAA 93)

The Nati onal Def ense Authorization Act for FY93
anended BCRA 88 by delineating how the use of proceeds from
the transfer or disposal of Commissary Stores and other
facilities or properties could be used. It also provided
funding for the Econom c Devel opnent Adm nistration (EDA)
for econom c adjustment assistance with respect to base

cl osures. [ Ref. 6]

4. Nati onal Defense Authorization Act for Fiscal Year
1994 ( NDAA 94)

The Nati onal Def ense Authorization Act for FY94
amended BCRA 88, DBCRA 90, and NDAA 92/93. It included the
requirenment for DOD to conduct personal and real property
screening, gave authority to the Secretary of Defense to
transfer governnental property to the local conmunity at
less than fair market value, required the Secretary of
Defense to consider |local and regional economc needs and
priorities when considering transfer or disposal of real
property in order to maximze the benefit from the
reutilization and redevelopnent of the closed mlitary
instal |l ation. The Act required DOD to be in conpliance
with the Stewart B. MKinney Honel ess Assistance Act by
providing to the Secretary for Housing and Urban
Devel opnent a list of buildings that could be wused to
assist in the housing of homnel ess people. NDAA 94 required
the Secretary of Defense to give priority to small and
di sadvant aged businesses when contracting services in
support of base closure and realignnent. Finally, NDAA 94
provided the Secretary of Defense the authority to

designate a transition coordinator for each installation



being closed to provide assistance to communities affected

by the base closure.[Ref. 7]

5. National Defense Authorization Act for Fiscal Year
1995 ( NDAA 95)

The Nati onal Def ense Authorization Act for FY95
provided clarifying and technical anendnents to previous
acts. In an effort to pronote rapid conversion of closed
mlitary installations, NDAA 95 provided authority to rent
or |lease governmental buildings to non-Federal entities.
NDAA 95 required the Secretary of Defense to report to
Congress the effects of a mlitary closure on the ability
of the Armed Forces to renobilize to pre-1987 levels if
necessary and to detail any property disposed of that would
be hard to reacquire if needed.[Ref. 8]

C. NATI ONAL ENVI RONVENTAL POLI CY ACT

The National Environnmental Policy Act (NEPA) provided
a process whereby federal officials would neke decisions
based upon an understandi ng of environnmental consequences,
and take appropriate actions to protect, restore, and
enhance the environnent during the process of closing or

realigning a mlitary installation. It also required DOD
conponents to analyze potential environnmental inpacts of
t he pr oposed di sposal action, i ncl udi ng reasonabl y

anticipated reuse activities, alternatives to the proposed

di sposal and reuse action, including the "no-action"
alternative, adver se i npact s, and any appropriate
environnental inpact mtigation actions. DCOD conponent s

are required to ensure the environnmental analysis is
conpleted within 12 nonths of the Local Redevel opnent

Aut hority’ s submission of its final reuse plan.[Ref. 9]



D. COVWPREHENSI VE  ENVI RONVENTAL RESPONSE,  COVPENSATI ON,
AND LI ABI LI TY ACT (CERCLA)

The Conpr ehensi ve Envi r onnment al Response,
Conmpensation, and Liability Act defines the roles of the
Environnental Protection Agency (EPA), state agencies, and
DOD conmponents with respect to base closure and
real i gnnent . It requires the conduct of any needed
response action when there is a release of a hazardous
substance into the environnment or there is a release of any
pollutant or contamnant into the environnment that may
present an imm nent and substantial danger to public health
and wel fare.

This Act, comonly referred to as Superfund, was
enacted in Decenber 1980. It created a tax that went to a
trust fund for <cleaning up abandoned or uncontrolled
hazardous waste sites. It delineated two types of response
actions on the part of affected parties: (1) short-term
renoval s, where actions may be taken to address rel eases or
threatened releases requiring pronpt response, and (2)
| ong-term renedi al response actions, that permanently and
significantly reduce the dangers associated with releases
or threats of releases of hazardous substances that are
serious, but not i mredi ately life t hr eat eni ng on
installations listed on the EPA's National Priorities
Li st.[Ref. 10]

E. ENDANGERED SPECI ES ACT ( ESA)

The Endangered Species Act, enacted in Decenber 1973,
required DOD conponents in partnership with the U S Fish
and Wldlife Services to provide protection for threatened
or endangered species by prohibiting activities and

facilities that would have an adverse effect on

10



species listed on the Endangered Species List (EDL).
[ Ref. 11]

F. DEPARTMENT OF DEFENSE DI RECTI VES

1. DOD Directive 4700.4, Natural Resources Managenent
Program

The Natural Resources Managenent Program prescribes
policies and procedures for an integrated program for the
managenent of natural resources on DOD property. I t
established requirenents for evaluating the relative risk
posed by a site and for using the information for program
pl anning and execution. It inplemented a program to
expedite the restoration and transfer of ©property at
closing and realigning installations known as the Fast-
Track Ceanup (FTC) program As a goal, the program is
intended to reduce, in the nost cost-effective manner, the
risks to human health and the environnent resulting from
past contam nation at DOD install ations. It designated the
Under Secretary of Defense for Acquisition and Technol ogy
as the BRAC Environnental Restoration Program Decision
Aut hority.[Ref. 12]

2. DOD Directive 4715.1, Def ense  Envi ronnent al
Restorati on Program ( DERP)

For decades, DOD activities and industrial facilities
generated, stored, recycled, and disposed of hazardous
waste in ways which sooner or later contam nated nearby
soil, groundwater, and surface water. In nost instances,
these activities predated existing environmental |aws and
regul ations as well as nodern nethods of waste disposal and

pol l uti on prevention.

11



In 1984, DOD inplenented the Defense Environnental
Restoration Program (DERP) and appointed the Deputy Under
Secretary of Defense (Environnental Security) as the
program overseer and for the efficient allocation of funds
for cleanup activities. The purpose of the DERP is to
identify, assess, and cleanup or control hazardous waste
contam nation that originated from past DOD activities,

operations or spills.[Ref. 13]

3. DOD Directive 4165.67, Revitalizing Base C osure
Comruni ti es—Base C osure Community Assi stance

Fol | owi ng several rounds of base closure, hundreds of
mlitary installations were closed in an effort to shrink
DOD s infrastructure. Because a mlitary base represents a
maj or enpl oynent center and provides significant economc
stimulus to the local econony, closing a base has the
potential to cause catastrophic economc repercussions.
DOD recognized that the manner in which real and personal
property is transferred during a <closing has grave
inplications on the local comunity’s ability to recover
economi cal |l y.

In July 1993, President dinton announced a plan to
provide for nore rapid redevelopnment and job creation in
communities affected by base closure decisions. It gave
top priority to helping affected conmunities realize early
reuse of base assets to spur economc recovery. In
response to the President’s actions, the Secretary of
Def ense i mpl enent ed t he Revitalizing Base Cl osure
Communi ti es—Base C osure Comunity Assistance |nstruction.
The intent of the instruction is to prescribe procedures
for inplenenting base closure regulations and also help

affected communities recover through effective reuse of
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base assets, rapid job generation, and cooperative
acconpl i shnment of nmut ual goal s by al | i nvol ved
parties.[Ref. 14]

4. DOD Instruction 6055.9-STD, DOD Ammunition and
Expl osi ves Safety Standards

In  August 1997, DOD established wuniform safety
standards for personnel and property involved in amunition
and expl osi ves. It provided guidance for personnel and
property protection from explosives and amunition,
specific guidance for personnel to |imt exposure to
expl osi ves and ammuni ti on, gui dance for facility
construction, and guidance for waiver approval where deened
necessary by the Conponent Commander.|[Ref. 15]

5. DOD Directive 6055.14, Unexploded O dnance (UXO
Safety On Ranges

In January 1998, the Departnent of Defense inplenented
t he Unexpl oded Ordnance (UXO Safety On Ranges Instruction
after recognizing the need for a wuniform policy to be
utilized and recognized throughout the Mlitary Services
and also by other federal agencies. Traditionally, the
Mlitary Services governed thenselves, but it was soon
realized that there was no overarching DOD gui dance for the
servi ce conponents to use as a baseli ne.

The Instruction designated the Under Secretary of
Def ense for Acquisition and Technol ogy as being responsible
for UXO explosives safety policies. The Instruction also
required the clearance of UXO from ranges following a
t horough risk assessnent. It required DOD Conmponents to
establish education programs not only for installation

per sonnel , but also for the surrounding comunity.
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Finally, the Instruction directs DOD to take all necessary
actions to protect personnel and property on and off

mlitary installations.[Ref. 16]

G SUMVARY

Contam nation of mlitary installations with UXOis a
probl em that has been brought to the attention of the
public following the initial rounds of BRAC. The potenti al
safety hazards posed to |l ocal citizens has nmandat ed that
i mredi ate action be taken by DOD to cl eanup the hazard.
Many agencies, federal, |ocal, and defense-w de, have
pronul gated | egislation and regulations to guide DOD in
their efforts to clean up contam nated installations. This
chapter discussed the legislation and regulations to
provide a framework for |ater discussion of the actual
process of UXO cl eanup

Chapter 111 discusses six phases of Non-Tinme-Critical
Renoval Action necessary for the proper cleanup of UXO.
Each phase will be discussed, detailing the conplexity of
t he process and how successful cleanup can be when executed

correctly.
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1. PHASES ASSOCI ATED W TH A NON- TI ME- CRI TI CAL REMOVAL
ACTI ON ( NTCRA)

Chapters | and |l presented an introduction to the
thesis research including a background of BRAC and the
former Fort Od Mlitary Installation. A major problem
facing mlitary installations closed or transferred under
one of the series of four BRAC legislations is that of UXQO
UXO, left buried or hidden, poses many hazards to both the
health of citizens and also to the environnent. Because
one of the objectives of Base Realignnent and Closure is to
transfer existing land to the local comunity for use and
future econom c devel opnent, DOD nust first determine if a
UXO problem exists and if so, how to clean it up prior to
turning |l and over to civilian authority.

DOD, in conjunction wth the EPA has required that
several actions take place prior to any environnental
cl eanup of UXO  These actions are grouped into four nmajor
cat egori es: (1) site eval uati on, (2) Engi neeri ng
Eval uation/ Cost Analysis, (3) renoval action, and (4)
cl oseout.[Ref. 17]

This chapter focuses on those Non-Tine-Critical Renoval
Actions (NTCRA) in cases where there is not an inmnent
danger to public health or the environnment and where there
is at least six nonths tinme allowable prior to any actions
having to take place.[Ref. 17] The standard phases of the
NTCRA are illustrated in Figure 3-1. Each of these are

di scussed in the foll ow ng sections.
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PA [ SI —» EE/CA [ RD [» RA [P Post-RA

PA-Preliminary Assessment

SI-Site Investigation

EE/CA-Engineering Evaluation/Cost Analysis
RD-Removal Design

RA-Removal Action

Post-RA-Post-Removal Action

Figure 3-1. Non-Tine-Critical Renoval Action Process

A PRELI M NARY ASSESSMENT

The first step in any potential cleanup process is a
formal Prelimnary Assessnent (PA) to determne if a
particular piece of land is contamnated with UXO and if
so, the extent of the contam nation.[Ref. 18] During a PA,
information about a site is collected to evaluate the
potential for release of a hazardous contam nant.[Ref. 18]
Typical data collection includes a search of facility
files, reference materials, interviews, |ocal environnental
surveys and site reconnai ssance.[Ref. 19] I n nost cases,
the EPA is responsible for conducting the PA, but in UXO
cases that typically involve DOD installations, DOD is
responsible for the PA and is to confer with the EPA as
necessary, prior to its final submssion of the PA to the
EPA.

B. SI TE | NVESTI GATI ON
The second phase of the NICRA, the Site Ilnvestigation
(SI), is conducted when it is determned by the PA that

further investigation is required. During this phase a
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conprehensive records folder of the site is opened known as
the Archives Search Report (ASR). I nfformation included in
t he ASR i ncl udes hi stori cal i nformation, detail ed
interviews with know edgeabl e personnel, aerial photos of
the |and area, and topography naps. Toget her these itens
are used to gain an understanding of the different types of
ammunition used in training, the anpunt of anmmunition used
over the life of the range, and the anobunts of UXO
potentially present on the range. A prelimnary risk
assessnment along with the ASR is used to estimate the
extent of UXO hazard present.[Ref. 20]

C. ENG NEERI NG EVALUATI ON COST ANALYSI S

The purpose of an Engi neering Eval uating/ Cost Analysis
(EEfFCA) is to evaluate the potential renoval action
alternatives for a given site. An EE/CA wll provide
alternatives that are designed to protect public health,
reconmmend an appropriate renoval action, and docunent the
deci sion meking process. The EE/CA also analyzes the
removal action alternatives in terns of cost,
ef fectiveness, and inplenmentation ability. Once conpl et ed,
the EE/CA is mde available for public viewng and any
argunents for or against the proposed action is docunented
an included as an addendum to the EE/CA. After the public
response period, an Action Menmorandum (AM is drawn up
detailing the final decision nade by the BRAC cleanup

comittee. [ Ref. 25]

D. REMOVAL DESI GN PLAN
Once the EE/CA has been finalized through the Action
Menor andum process, a Renoval Design (RD) plan is drawn up

detailing the steps required that wll achieve the UXO
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response objectives as outlined in the AM Included in the
plan are personnel qualifications, extent of cleanup,
safety designs, and contract specifications. Al so during
this phase, the respective installation nust subnmt an
Expl osive Safety Sheet to the DOD Explosives Safety Board
(DDESB) outlining their plan to ensure the safety of all
involved. The mssion of the DDESB is to provide objective
advice to the Secretary of Defense (SECDEF) and Service
Secretaries on matters concerning explosives safety and to
prevent hazardous conditions to life and property on and
off DOD installations from the explosives and environnental
effects of DOD nunitions.[Ref. 20]

E. REMOVAL ACTI ON

During this phase, actual i npl enentation of the
Renoval Design Plan takes place. Actions included in this
phase can range from detonation and cleanup in place to
removal and detonation off-site. Al so included during this
phase are |and cl earance and excavation required to search
and renove the hazard.[Ref. 20]

F. POST- REMOVAL ACTI ON

The final phase of the UXO process is the Post-Renova
Action (Post-RA) phase. This phase is not a required
phase, but nore of a precautionary phase. Actions in it
i nclude public education of the conpleted cleanup process,
val i dation UXO sweeps, long-term nonitoring, restrictions
on the use of the land, and any further actions required if

the use of the | and changes.[ Ref. 20]
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G SUMMVARY

Chapter 11l provides a look at the phases associ ated
with a Non-Tine-Critical Renpoval Action (NTCRA), which
pertains to the mjority of UXO renovals of facilities
closed or realigned due to the BRAC process. The NTCRA
process includes phases of study, sanpling, research,
anal ysis, renoval actions, and post-renoval after care.
Chapter 111 addressed key aspects of each phase and al so
illustrated the process fromits inception to its ending.

Chapter |V presents a |list of the nmmjor participants
in the UXO cleanup process and describes the roles that
they play with respect to the fornmer Fort Ord Installation.
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V. MAJOR PLAYERS AND THEI R ROLES AT THE FORMER FORT ORD

In Chapter 111, six phases of Non-Tine-Critical
Renoval Actions (NTCRA) were discussed. To ensure a
permanent solution is achieved in these situations, each
phase of the NICRA is a crucial elenment in the prograns
overal | success.

As stated in this thesis, one of the reasons for
ensuring a thorough cleanup is so that the land can be
turned over to civilian municipalities for future
devel opment and use. Associated wth this devel opnent and
use are enornous econom c benefits for not only the |oca
comunities but also the State as a whol e.

Several key federal and statewi de agencies have a
vested interest in the cleanup ©process due to the
overarching interests associated with the land and the UXO
hazar d. Thus, they play key roles in ensuring that the
cleanup is perforned safely, thoroughly, and expeditiously.
This chapter lists those key agencies and provides a
description of their roles in the overall cleanup process.

A DEPARTMENT OF DEFENSE
The Departnment of Defense plays the role as the

startup catalyst in the cleanup of UXO at installations

listed on a BRAC |ist. Once a base has been approved for
closure or realignment, DODs Ofice of Environnenta
Cleanup (OEC) gets involved. CEC is charged wth
developing policy and overseeing Defense Environnenta
Restoration Program (DERP). As acknowl edged in their
m ssion statenent, “Qur mssion 1is to protect t he

environment while reducing risks to US. troops, their
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famlies, and |local conmunities from pollutants due to past

practices”. CEC also provides guidance and direction to
DOD conponents, sets and neasures performance standards,

and pronotes cost-effective and safe nmethods to protect the
envi ronnment and human |ives. One of the key ways OEC
achieves its mssion is through the use of extensive UXO
training given to a variety of people from on-site

technicians to local community | eaders.[Ref. 21]

B. UNI TED STATES ARWY CORPS OF ENG NEERS

The United States Arnmy Corps of Engineers (USACE)
Environnmental Division, Directorate of Mlitary Prograns
(CEMP-R) is responsible for devel oping, dissem nating, and
coordinating USACE policy and procedures involved in UXO
cl eanup. O her responsibilities i ncl ude provi di ng
direction, guidance, and work assignments to personnel
supporting UXO cleanup m ssions. They coordinate policy
and program issues wth ot her DOD and civilian
or gani zat i ons. USACE al so appoints Program Managers (PM
to admnister all phases of the UXO cleanup project to
include Prelimnary Assessnents, real estate functions,
Community Relations Plans, nmaintenance of Admnistrative
Records, coordination wth state and federal agencies to
obtain environnental and historical docunmentation, and
contract acquisition planning and execution. Par t ner shi ps
are formed wth other agencies, especially the United
States Environnental Protection Agency, to facilitate

coordi nation across multiple jurisdictions.[Ref. 22]

C. UNI TED STATES ENVI RONVENTAL PROTECTI ON AGENCY
The U. S. Environnmental Protection Agency (EPA) is

represented in UXO cases through its Federal Facilities
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Branch Departnent of Defense Section. At DOD sites, EPA
Renedi al Project WMnagers (RPM oversee all environnental
cl eanups of past hazardous materials including UXQO The
RPMs primary role is to ensure DOD conponents adhere to
all federal environmental |aws and provide any assistance
they may require.

The DOD Section further breaks itself down into two
teans: (1) active and non-mlitary installations and (2)
mlitary installations falling under BRAC authority. An
i nt er nal / ext er nal partnering concept is instituted to
facilitate open comunication and information sharing anong
the EPA, States, and Federal Facilities. EPA has found
that partnering enhances and expedites cleanup activities
and provi des a nmedium for t echnol ogy i nformation
sharing. [ Ref. 23]

D. CALI FORNI A DEPARTMENT OF TOXI C SUBSTANCES CONTROL

The California Envi r onnment al Prot ection Agency
(Cal/EPA) plays a major role in the cleanup efforts at the
former Fort Od Installation. Their Ofice of Mlitary
Facilities wthin the Departnment of Toxic Substances
Cont r ol (DTSCO) provides regulatory oversight to the

mlitary organizations during their cleanup efforts. The
Cal / EPA works directly with DOD and the US EPA to ensure
the cleanup neets all environnmental regulations. Cal / EPA

also provides a public participation specialist to each
base to provide the local conmunity wth fact sheets,
organi ze community nmneetings, and answer any questions that

ari se concerning the cleanup process.[Ref. 24]
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E. SUMMVARY

Chapter |V presented sone of the key agencies having
regul atory oversight in the cleanup process of UXO at DOD
i nstal |l ati ons. Because of the overlapping regulatory
authority associated with BRAC facilities, this chapter
presented DOD, Federal, and State regul atory agencies al ong
with some of the roles and responsibilities they carry.

One  of the nmjor obstacles faced by workers
participating in UXO cleanup are the various |evels of
vegetation that hide, mask, or cover up UXO Chapter V
provides a list of the seven comopn vegetation clearance
met hods and the pros and cons of each nethod.
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V. METHODS OF VEGETATI ON CLEARANCE AND THEI R PROS AND
CONS

Wien the Departnment of Defense first initiated Base
Real i gnment and C osure (BRAC) procedures, one of the key
el enent s needing to be acconplished was that of
envi ronment al cl eanup. Federal and State |laws as outlined
in previous chapters required DOD to take specific actions
to ensure all mlitary installations were free from the
hazards of UXO prior to their tur nover to |ocal
communi ties.

Many of the explosive munitions |left behind from years
of training are very sensitive and can be detonated by
sinply bunping the nmunitions. Wthin the California region
al one, several UXO expl osive accidents have occurred to the
civilian popul ation since the BRAC process has begun.

[ Ref . 26].

Hi ghly expl osive nunitions cannot be safely renoved by
trained UXO personnel on nmany of the former installations
due to the heavy vegetation that has accunulated on the
cl osed ranges. W rkers nust be able to see the ground that
they are walking and working on to avoid any accidental
detonations to personnel and equi pnent.

Wthin the demning industry, there are seven
alternative nethods that are approved by DOD, EPA, and
State and Local environnmental agencies for the safe renoval
of UXQO. The followng alternative vegetation clearance
methods will be discussed in this chapter along with pros
and cons of each nethod: (1) no-action, (2) manual cutting,
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(3) nmechanical cutting, (4) renote cutting, (5) prescribed

burning, (6) animal grazing, and (7) herbicides.

A NO- ACTI ON

The first alternative, obviously, does not result in
the clearance of vegetation, none-the-less it is an
alternative nethod that is given equal weight anong all
nmet hods.

This nethod is used when the realigned or transferred
land will not be used for any econom c devel opnment and can
easily be fenced off or quarantined from public access. In
this case, the Defense Conponent would not renove
vegetation located on the land and any UXO would remain in
pl ace. This decision is justified by the past use of the
| and, early study and probability analysis of the existence
of UXO on the land, and the assurance of no future economc
use of the land by the receiving authorities. I n nost
cases, these lands would be designated as wildlife habitat
reserves by the local environnental agency.[Ref. 27]

B. MANUAL CUTTI NG

This nmethod involves hands-on vegetation clearance
through the use of chain saws, |oppers, power chippers,
weed-eaters, and any other non-notorized hand tool. The
process involves a team of workers cutting away visible
veget ati on and shrubbery to a level that allows UXO workers
to see the surface ground. It also may involve pruning
trees to a level that produces an “unbrella” effect that
will allow a wrker to go underneath and view the
surroundi ng ground.

A pro to using this nmethod is that it is good for

areas that are hard to reach using nechanical nethods such
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as on sloped or rocky Iand. Another pro is that it
produces little to no air em ssions into the environment.

The cons though outweigh the pros in this case. The
maj or problem with this nethod is that it exposes workers
to sensitive explosives as they work. The risk of
accidental detonation using this nethod is extrenely high.
Also, the tine it takes to clear the vegetation using this
met hod is nmuch |onger than sone of the other nethods to be
di scussed. On average it takes a team of six workers one
day to cover tw acres of |and. Areas of significant
amounts of land could easily take nonths to conplete.
Finally, use of this nmethod could possibly violate
environmental |aws such as the Endangered Species Act or
| ocal habitat managenent |aws.[Ref. 27]

C. MECHANI CAL CUTTI NG

Mechani cal cutting involves wusing conmmercial heavy
equi pnent or trucks to pull or tow cutting machinery
t hrough the selected area. Li ke the previous nethod, this
too wll expose workers to UXO though there could possibly
be some protection afforded to them from the tow ng
equi pnment . If known arnor-piercing nunitions have been
fired in this area, it could nullify the protection
af forded by the tow ng equi prent.

A pro to using this nmethod is that a |arger anount of
| and coverage can be achieved, though not significantly
nore than the manual nethod. On average a renpval team
could cover only 2.5 acres per day using this nethod.
Simlar to the manual method, at this rate, it would take
several nonths of full-tinme work before large |and areas
woul d be cleared sufficiently for renedial renpbval action

to take place. Another pro is that sone nechanized
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equi pnent can be used on sloped terrain depending on the
| evel of incline/decline and the thickness of the brush.

The cons also outweigh the pros in this alternative
Significant risks to human |lives exist if accidenta
detonation should occur. Crews would have to proceed
extraordinarily cautiously to mnimze the risk, which
could also lengthen the tinme required to successfully
remove the vegetation. Also, many types of the mechanized
equi pnent present air and noi se em ssion hazards that could
potentially increase the workers’ chances of an accident
Mechani zed equi pnent, in many cases, is |limted in the size
of vegetation growmh that it can cut. Wor kers woul d have
to be aware of the areas they are working in and ensure the
correct equipnment is on-hand for use. This would nean that
vari ous types of nechanical equipnment would be required at
the site, whenever needed, possibly increasing the cost of
t he cl earance. This nmethod also has the potential for
violating federal and |ocal environnental |aws dependi ng on
the vegetation being cleared since it cannot discrimnate
bet ween various types.[Ref. 27]

D. REMOTE CUTTI NG

Renote cutting involves the use of renote controlled
nmechani cal cutting equi pnent as described in the preceding
par agr aph. Al t hough this sounds like an i deal
technol ogi cal breakthrough in vegetation clearance, the
actual product remains in the research and devel opnental
st age. Several conpanies are currently experinmenting with
remote units that can allow the worker to operate at
di stances as close as 100 feet and as far away as 3000
feet. Depending on the distance, sone have experinented

with the use of video surveillance caneras nmounted to the
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cutting equiprment that allow the worker to maintain the
saf est di stance possi bl e.

The nost positive feature to this method is the safety
it affords the worker by allowing him to work at greater
di stances away from the clearance site. | f an accidenta
detonation should occur, the maximum safe operating
di stance reduces the worker’s chances of injury.

Unfortunately, working with renote control devices
will slow the clearing process sonewhat. Dependi ng on the
worker’s skill level, actual clearance tines could vary,
but on average would be only 2 acres per day. As in the
previ ous par agr aph concerni ng mechani cal equi prent ,
accidental detonation has the potential to damage the
cutting equipment and the probability of occurrence
increases the farther away the operator is from the
equi pnent since he cannot see any dangers surrounding the
equi pnent. Using a surveillance canera could al so decrease
the field of vision for the worker, which increases the
potential of overlooking a piece of UXO Danmage to
equi pnent could also put workers at risk if it becones
necessary for them to enter the site to repair the
equi pnent . Accidental detonation in this case increases
each tinme they have to enter UXO areas.

Considering the decreased risk to human lives
associated with this nmethod and the nunber of future
vegetation clearance operations that can occur as nore
installations are closed or realigned, it would be a
worthwhil e venture for DOD to partner with industry through
research and devel opnment to expedite the devel opnent and

production of renote cutting equi pnent.[Ref. 27]
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E. PRESCRI BED BURNI NG

The quickest nethod to use in vegetation clearance
operations is prescribed burning. In prescribed burning,
| and areas are carefully set on fire and allowed to burn by
highly trained forestry firefighting crews. Prior to the
bur n, a meteorol ogi st woul d  conduct a climtologic
analysis, to determne a wndow of opportunity in which
specific climate conditions would allow for a safe burn.
Also, a pre-burn process nust be conducted to prepare the
vegetation for a nore conplete burn by either using a
mechani cal crushing process or by herbicidal application.
The actual burn itself would be conducted aerially via
helicopter as a small nunber of personnel remain outside
the burn area to coordinate the efforts.

The tinme required to conduct a burn is by far its
greatest selling point. Wthin a week’'s tinme frame, an
entire range site consisting of thousands of acres could be
cleared leaving a clear view of the land for UXO workers to
begin the renoval process. In alnost all cases, prescribe
burning reduces the vegetation to the bare ground wth
m ni mum exposure to workers. The only instance in which
possi bl e exposure could occur to workers on the ground is
during the pre-burn process in which nechanical crushing is
used. To avoid this risk, aerial herbicidal application
could be chosen. Anot her positive aspect concerning
prescribed burning is that the vegetation tends to respond
well to the burning and enhances its future restoration
process. A well-coordinated and controlled burn tends al so
to fall within standards of all applicable environnental
laws including air em ssion standards and is the nethod of
choice by the U S. Fish & Wildlife Service.[Ref. 28]
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Harmful air emssions from a prescribed burn are

undoubtedly one of the major setbacks to this nethod. As
with all fires, large anounts of snoke will be emtted into
the air. That has the potential to cause harm to the

public especially in areas where plants such as poison oak
are | ocat ed. In nost cases, nmany precautions are taken to
m nimze the anobunt of snoke given off during and after the
burn process and the anmbunt of harm caused to the
surroundi ng comunity such as bur ni ng on certain
climatol ogically safe days to provi di ng housi ng
accommodations to nearby residents who are adverse to the
snoke. [ Ref. 27]

F. ANI MAL GRAZI NG

Thi s nmet hod of veget ati on cl earance i nvol ves
introduction of animals, normally goats, into the land site
allowing the aninmals to eat the vegetation until conplete
clearance is acconplished. To control the goats,
electrically charged fencing is installed to restrict the
herd of goats in defined areas. Tenporary shelter would
need to be installed for the sheepherders and al so trained
herdi ng dogs to assist with the sheep.

When considering this option, the only pro argunment is
the low cost to conplete the clearance using this nethod.

The cons greatly outweigh the pros. The length of
time required for goats to successfully clear the land of
vegetation to a visually acceptable level for UXO workers
to come in would be nonths if not years. Also the risk of
accidental detonation to the aninmals and herders increase
significantly with this nethod. Goats are also limted in

t he height of vegetation, which they can reach. Vegetation
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greater than 4 feet would have to be cleared by another
nmet hod.

Even though animal grazing is an acceptable form of
veget ati on cl earance throughout the world, it has not been
used as an actual nethod of vegetation clearance where
expl osi ve hazards are present. The |ikelihood of protests
from animal rights activist increases significantly because
of the |ethal hazards to which the animals are
exposed. [ Ref. 27]

G HERBI ClI DES

The use of herbicides to clear vegetation is the final
nmet hod. Her bi ci des destroy vegetation by either retarding
the growth for a short period or a nore pernmanent
destruction of the plant |ife for a period of several
years. Using various dispersion nethods from aeria
spraying via helicopter to truck nounted sprayers to
shoul der <carried containers manually sprayed on foot in
constrained areas, herbicides can be applied within a few
weeks varying with the size of the site.

The ability of an aircraft to cover large areas of
| and provides a positive aspect to this nethod. The tinme
required to spray a typical range of several thousand
square feet would be about one week but the length of tine
required before the vegetation itself is destroyed varies
significantly.

The nobst negative aspect of this nmethod is the
introduction of potentially harnful herbicides into the
envi ronnent . Because the herbicides are nobst economically
sprayed wusing aerial spraying, the potential for areas
outside of the designated UXO area to be covered wth

her bi ci des increases. The potential for exposure to humans
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is mniml wthin the UXO area, but could potentially
spread into the surrounding conmunity if unfavorable w nd
conditions exist. Al so, herbicides could potentially harm
rare species of plants and animals and may not be a viable

option based upon existing environnental |aws.[Ref. 27]

H. SUMVARY

To facilitate investigation and renpoval of UXO from
Former Mlitary Installations, vegetation «clearance is
required to allow workers to safely see the area they are
wor ki ng on. Vegetation clearance consists of renoval of
standing top growmh down to the bare ground. Because of
the innunerable sizes of growh encountered, various
cl earance net hods have been di scussed in this chapter.

Met hods have ranged from doing nothing or taking no-
action to inserting live animals into designated areas to
consune the plant life. This chapter provided a general
overview of the process associated with each nethod and
also provided sone of the pros and cons of each
alternative.

O all the nmethods, prescribed burning appears to be
the best option but it may require herbicides in areas
unabl e to be burned. It has the shortest conpletion tineg,
the results are denonstrated within a matter of days, any
rare or endangered plant habitat are nore likely to recover
with mniml damage, and it is the nost favored nethod used
by the U S. Departnent of Fish and WIdlife Services.
However, prescribed burning does produce significant
harnful em ssions into the air and poses a potential danger
to any nearby residents. Site nmanagenent can nanage
prescri bed burning effectively if all necessary precautions

are taken to elimnate its harnful effects.[Ref. 28]
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Chapter VI presents a cost estimation nodel using a
mat hemati cal analysis tool known as regression analysis.
The resulting nodel is created using historical cost data
from previous cleanups. Finally, Chapter VI discusses the
current cost estimate program used by DOD and provides a

conpari son between the created nodel and the DCOD nodel
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VI. DATA DESCRI PTI ON AND COST ESTI MATE MODEL

The primary thesis objective is the devel opnment of a
conprehensive and serviceable cost nodel for estimating
cl eanup costs of Unexploded Ordnance at Departnent of
Defense installations being considered for closure or
real i gnnment .

This chapter consists of a description of the data
collected, which are used to build the cost nodel. An
overview of regression analysis is discussed along wth
tabl es and figures describing the outcone of the regression
pr ocess. Section D conpares this nodel with cleanup cost
estimates taken from sites at the fornmer Fort Od.

Finally, Section E summarizes the chapter highlights.

A DESCRI PTI ON OF DATA

Research data collection enconpassed cost data of
environnental cleanups of UXO from various sites at the
former Fort Ord. The conpiled data were configured to
build the nost viable mathematical cost estimation nodel
gi ven the avail abl e dat a.

For purposes of nodel devel opnent, a total of 20 sites
| ocated throughout the installation were selected based
upon avail able historical data. Wthin these 20 sites, 6
different explanatory variables were chosen to build the
initial regression nodel to be explained below The 20
sites chosen for nodel fornulation are listed in Table 6-1.
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CLEANUP SITES
OE- 44 OE- 10A

OE- 10B OE- 11

CE- 35 CE- 54

OE- 15( R&T) CE- 53

OE- 15( SEASI DE) CE- 21

HTW CE- 13B

CE- 55 LATRI NE PI TS
FUEL BREAKS CE- 32C

CE- 42 CE- 45

OE- 14D CE- 23

Table 6-1. Fort Od Sites Enployed in Regressi on Mdel

Data for the dependent and independent variables were
derived from information provided by USA Environnental,
| ncorporated, an UXO contractor hired by the United States
Arny Corp of Engineers (USACE), as Ordnance and Expl osives
Renoval After Action Reports. Each independent or
explanatory variable shown in Table 6-2 was applied in

numer ous anal yses to determ ne the best nodel.
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Symbol Independent Variable Quantitative /Categorical
MH Number of Man Hours Worked Quantitative
VCM Method of Vegetation Clearance Categorical
SW Scrap Weight Quantitative
SE Special Equipment Required Categorical
NUXO Number of UXO Recovered Quantitative
SE/NUXO Special Equip./Number of UXO Quantitative

Tabl e 6-2. 1ndependent Variables Used in Regression Mdel

A conprehensive examnation of each After Action
Report provided extensive information used to form causa
rel ati onships for the overall cost of the cleanup. Careful
consideration was given to many different variables that
could have been chosen, but only six appeared to provide
some form of relationship to the overall cleanup cost at
each site. The six variables shown in Table 6-2 are
descri bed bel ow

M4 This quantitative variable consists of the Total
Nunber of Man Hours expended on the cl eanup project

i ncludi ng project managenent personnel, on-site

cl eanup techni cians and supervisors, admnistrative
personnel, and | ogistics personnel. It becane very
intuitive that |abor related activities were a major
driver of costs involved in any cl eanup project.

VCM  This categorical variable was chosen based upon
information presented earlier in this thesis that
described the prelimnary requirenments for on-site UXO
personnel to have a clear visual field of the ground
to be worked upon to minimze risks to personnel and
equi pnent during the cleanup process. Based upon the
data, five categories were chosen to describe the
vegetation clearance nmethod utilized at each site
including a “no clearance required” category. A
categorical nunber from1-5 was given to each nethod
or conbi nation of nethods as shown in Table 6-3 to
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describe the method utilized at each site. For
exanple, if a site required the use of both manual and
mechani cal vegetation clearance nethods, that site
woul d be assigned a 4 for that category.

Vegetation Clearance Method Identification Table

1-None

2-Manual

3-Mechanical

4-Manual and Mechanical Combined

5-Prescibed Burn, Manual, and Mechanical Combined

Tabl e 6-3. Vegetation Cl earance Methods

SW This quantitative variable consists of the total
wei ght in pounds of either OE related scrap, which are
pi eces of ordnance material that are the result of
ammunition firings, or non-CE rel ated scrap, which are
metallic itenms found during cleanup such as cans,

pi pes, target parts, etc. Because on-site |abor costs
i ncrease as personnel spend nore tine on the site, any
time spent recovering scrap has a positive effect on
overal | costs.

SE. In many cases, but not all, special equipnent is
needed to support the cleanup of UXO This categorical
vari abl e takes into consideration the positive effect
speci al equi pnent woul d have on overall costs if
utilized. A value of 1 is given if special equipnent
was used and 2 if no special equipnment was used.

NUXO. This quantitative variable is sinply the total
nunber of UXO itens recovered at a particular site.
Because the conpletion of the cleanup is dependent on
the tinme required to recover all UXO at a site, this
vari abl e has a positive effect on the tinme spent at
the site and thus on the overall cost.

SE/ NUXO. This variable was chosen to solve a

correl ation probl em between the two separate
variabl es. The problem of correlation exists due to
the fact that the nunber of UXO itens recovered is
af fected by whether special equipnment is utilized to
speed up and enhance the overall process. By
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conmbining the two variables, the nodel is able to
capture the overall effect upon total cost wthout
having to drop one of the variables fromthe nodel.

In this nodel, the only dependent variable utilized is
Total Cost ($TC), which is required to conplete the
respective UXO cleanup project. Thus, the independent
variables in the final selection nodel wll attenpt to
explain the variables’ relationship to the dependent

vari abl e, Total Cost.

B. REGRESSI ON ANALYSI S OVERVI EW

Regression Analysis is a nodeling technique for
analyzing the relationship between a continuous dependent
vari abl e and one or nore independent variables. Regression
is one of the nost w dely used quantitative techniques in
busi ness and governnental organi zations.[Ref. 29]

The goal in regression analysis is to identify a
mat hemati cal nodel or function that describes, as closely
as possible, the relationship between a set of independent
vari ables and a dependent variable so that one can predict
what value the dependent variable w Il assune given
specific values for the independent variables. The
mul tiple regression output is an algebraic nodel depicting
an equation for the expected value for the dependent
variable given specific values for the explanatory
vari abl es. The typical nultiple regression equation is as
fol |l ows:

Ye=a + biX; + boXo + . . .+ bpXy

wher e,

Y= the estimated Y value fromthe regression equation in
which X;, . . .Xpare the independent vari abl es;
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a= a constant variable or the linear intercept;
bi= the coefficient of X; in the regression equation in
whi ch other b values are in the equation;

Xr= the independent vari abl es

In sinple regression, the |east-squares nethod is used
to fit a straight line to the sanple of observations in a
manner that mnimzes the sum of the squared errors of each
observation from the |ine. Multiple regression is simlar
to sinple regression, except that a plane is used to fit
t he sanpl e observati on points.

[ Ref . 30]

In order to evaluate the effectiveness of the
resultant regression equation, we nust have a way of
determining how well the line fits our actual data. To
determ ne the goodness of fit, statisticians typically use

the foll owi ng four neasures:

R Statistic. The R statistic, also referred to as
the coefficient of determnation, is a value that
ranges fromO to 1 and indicates the proportion of the
total variation in the dependent variable around its
mean that is accounted for by the independent
variables in the regression function. The hi gher the
percentage value, the greater explanatory value of the
i ndependent vari abl es.

t-ratio (T). The t-ratio sinply refers to the nunber

of standard errors of the regression coefficient.
Wen looking at the t-ratio, one is trying to
determine if the slope is significantly different from
zero. So, the higher the t-ratio, the nore inportant
the variable is in explaining the dependent variable.
Typically, a value greater than +/- 2 is acceptable

given an acconpanying p-value greater than .1
signi ficance. A p-value is sinply 1 mnus the
probability that a given situation would occur. Thi s

is achieved by subtracting the given p-value from1l to
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yield the actual percentage val ue. For exanple, a p-
value of .001 says that the associated t-ratio is
99. 9% accur at e.

f-ratio (F). The f-ratio is another alternative
approach for testing whether the slope of a regression
equation is statistically significant. The f-ratio is
the ratio of the wvariance that is due to the
regression divided by the error variance.

Standard Error of Estimate (S). A neasure of the
accuracy of the prediction obtained froma regression
nodel is given by the standard devi ation of the
estimation errors. The Standard Error neasures the
anount of scatter, or variation, in the actual data
around the fitted regression function. A snaller
Standard Error value is considered superior to a
hi gher val ue. [ Ref. 30]

C. ANALYSI S OF REGRESSI ON QUTCOVE

This subparagraph details the multiple regression
statistical results along with graphical presentations of
t he outcone. The multiple regression conputations and
analytical tests were performed using the comrercially
pr oduced M NI TAB Statistical Anal ysi s sof tware
package. [ Ref. 31] The data and graphical representations
di spl ayed are outputs of the M N TAB system A di scussi on
of the basic assunptions related to the error terns are
required in order to test the goodness of fit of the
regressi on equati on.

Figure 6-1 displays a histogram which represents the
distribution of the dependent values, wutilized in the

nmodel .
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Hi st ogram of Total Cost N = 20
M dpoi nt Count
0- 49999 6 FrrEEx
500000- 999999 Q Rrxxkkkkk
1000000- 1499999 1
1500000- 1999999 1
2000000- 2499999 1 =
0
2

*

*

2500000- 2999999
3000000- hi gher

* %

Figure 6-1. Distribution of the Dependent Variable
Total Cost ($TC)

Wen analyzing a histogram one |ooks for a
distribution of data that resenbles the shape of a bell.
This bell shaped curve is considered to be symetric
meaning that if a mrror were placed down the mddl e of the
bell, both sides would be equal in appearance. As seen,
the Total Cost distribution is skewed towards or |eaning
nore towards the [|ower values. In order for the
distribution to be nore approximtely symetric or equal in
appearance, a transformation nmust be perfornmed to each of
t he dependent input values in columm $TC of Table 6-6.

There are three alternative ways that the dependent
variable can be transforned to make it nore approximately
symetri c. Table 6-4 presents each alternative procedure
along with the effective strength it has on the

transformati on of the dependent vari abl e.

Transformation Strength Formula
Squar e Root Moder at e SQRT(Y)
Logarithm (base 10) Strong  0g10(Y)
Negat i ve Reci procal St r onger -1/Y

Table 6-4. Three Transformations of Y Vari abl e
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Figure 6-2 presents the distribution of Total Cost
after undergoing square root transformation. The
distribution is now nore symretrical or bell shaped in
appearance providing data that are normally distributed.
Transformation using the other nethods did not produce the

desired symetry and were not vi able sol utions.

H st ogram of C3 N = 20
M dpoi nt Count
0- 199
200- 399
400- 599
600- 799
800- 999
1200- 1399
1400- 1599
1600- 1799
1800- hi gher

*

* % % %

*

*kkkk

* Kk k%

* %

PRRPNDMOR AR

Figure 6-2. Distribution of the Transformed Dependent
Vari abl e Total Cost ($TC)

One of the necessary conditions that nust be satisfied
for regression analysis to accurately denonstrate the cause
and effect relationship between i ndependent variables and a
dependent variable is that independent variables are not
perfectly related to each other. There are several ways to
nmeasure the association between variables. The npst comon
measure is the Pearson product nonment correl ation
coefficient. Figure 6-3 presents the Pearson correlation
matri x of the five single independent variables. The
correlation coefficient is always between -1 and +1. |If
there is al nost no association between the independent
vari ables, the resulting value will be near 0. Highly
related variables will approach +1 if a positive
relationship is found or =1 if a negative relationship

exists. A general rule to followis, if any two variabl es

43



produce a coefficient of nore than .7, a rmulticollinearity

probl em coul d possi bly exi st between the two vari abl es.

VH NUXO VCM SE
NUXO 0.619
0. 004
VCM 0. 349 -0. 138

0.132 0.561

SE -0.126 0. 299 -0.709
0. 597 0. 200 0. 000

SwW 0.931 0.711 0.176 -0.028
0. 000 0. 000 0. 457 0. 906

Cell Contents: Pearson correlation (top)
P- Val ue (bottom

Figure 6-3. Correlation Matrix of Single
| ndependent Vari abl es

This nmeans that because the variables are so closely
rel ated, the regression nodel would be unable to explain
which variable has the greatest effect on the dependent
vari abl e. In Figure 6-3, MWH and SW were highly correl ated
with a Pearson correlation of .931. In cases like this,
one of the variables would either have to be elimnated or
a ratio/conposite variable would have to be created. The
variable, Scrap Wight, was elimnated producing the

correlation matrix in Figure 6-4.
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WH NUXO VCM

NUXO 0.619
0. 004
VCM 0. 349 -0. 138

0.132 0.561

SE -0.126 0. 299 -0.709
0. 597 0. 200 0. 000

Cell Contents: Pearson correlation (top)
P- Val ue (bottom

Figure 6-4. Four Variable Correlation Matrix

Figure 6-4 presents the four variable correlation
coef ficient matrix after elimnating the independent
vari able scrap weight. No positive correlation exists
bet ween the four variables and thus they nay be included as
potential variables in the regressi on nodel.

Now t hat the selection of the independent variables is
conplete, regression analysis can begin using the four
variables MH, NUXO VCM and SE. The initial step in
regression requires running an analysis using all possible
vari abl es. Using the goodness of fit neasures, each
variable’'s t-ratio is evaluated. | ndependent vari abl es
that have t-ratio's below 1.0 are either elimnated or
conbined with another variable to capture the effect it has
on the dependent variable. Having nmade several runs, a new
i ndependent variable was created by dividing SE/UXO due to
both variables having low t-ratios independently. Fi gure
6-5 presents the final analysis output resulting in three
i ndependent variables that explain 93.3% of the overal
cost associated with cleanup of UXO

The regression equation generated in Figure 6-5 says
that the sqrt($TC) = 262 + 0.0172(MH) + 67.2(VCM - 97.1
( SE/ UXO . Once this nunber is generated, it wll have to
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be transforned back into a standard nunerical dollar figure
by squaring its val ue. These vari abl es have been sel ected
as part of the final nodel equation because each has a
t-ratio greater than or near 2.0 with acconpanying p-val ue
confidence | evel s between 90. 9% 99. 9%

Looking at the other goodness of fit neasures, the
analysis yields an R value of 93.3% which says that the
regression equation explains 93.3% of the variation in the
dependent vari abl e. The f-ratio of 74.05 is the ratio of
the explained variation over the unexplained variation.
This information is used to indicate whether or not the
overall regression equation is significant which in this
case has a p-value with a confidence |level of 99.9%

Finally, the standard error of 139.0 says that 95% of the
data points fall wthin a range of +/- 274.0 around the
regression |ine. This nunber is rather high and could
potentially provide an explanation if the final outcones of
the nodel are significantly different from Actual Total

Cost val ues.

46



The regression equation is:
sqrt ($TC) = 262 + 0.0172 MH + 67.2 VCM - 97.1 SE/ UXQO

Pr edi ct or Coef SE Coef T P
Const ant 262. 38 98. 52 2. 66 0. 017
VH 0. 017215 0. 001515 11. 36 0. 000
VCM 67.23 27.95 2.41 0. 029
SE/ UXO -97.10 53. 96 -1.80 0. 091
S = 139.0 R-Sq = 93. 3% R-Sg(adj) = 92. 0%

Anal ysi s of Variance

Sour ce DF SS VB F P
Regr essi on 3 4292946 1430982 74. 05 0. 000
Resi dual Error 16 309189 19324

Tot al 19 4602136

No replicates. Cannot do pure error test.

Sour ce DF Seq SS

Man Hrs 1 3945536

Veg d ea 1 284835

UXJ S. E. 1 62575

Unusual Observations

os Man Hrs | ogt (c2) Fit SE Fit Resi dual St Resid
9 7014 828. 3 514. 4 51.1 313.9 2. 43R

R denotes an observation with a | arge standardi zed resi dual
Dur bi n- WAt son statistic = 2.44

Figure 6-5. Multiple Regression Analysis for sqrt($TO
versus MH, VCM SE/ UXO

One additional piece of information that can be
retrieved from the analysis output is the Durbin-Wtson
statistic test of 2.44. One assunption of regression is
that each error term value is independent of those val ues
com ng before and after it. The Durbin-Watson test is a
statistical test for the sunmmary neasure of the anmount of
correlation in the error terns. Uncorrel ated errors wll
fall within a range of 1.36 to 2.64 with 2 being the center
val ue. In other words, the closer the value is to 2 the
greater confidence we have that +the errors are not
correlated or positively related to one another.[Ref. 31]
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Figure 6-6 presents a graph of the residual errors
versus the Fit or estimated value of the dependent
vari able. Wen analyzing the graph, one expects no pattern
or special order in which the data falls on the graph. I n
other words, the user wants to see that the points are

random y distributed throughout the graph in no set order.

3.0+
Errors - *
1.5+
- *
- * * *
- * * *
0.0+ * * *
- * * *
-1. 5+ *
------ T T T T L 7o}
300 600 900 1200 1500 1800

Figure 6-6. Residual vs. Fit Plot

Two regression assunptions being tested by the
Resi dual ver sus Fit pl ot are Li nearity and
Honoscedasticity. One of the first assunptions in
regression analysis is that the dependent variable is
linearly related to each of the independent or explanatory
vari abl es. If one tries to force a linear relationship to
exist when a non-linear relationship exists, the residual
vs. fit plot will clearly denonstrate this by allow ng the
distribution of values to fall in a set pattern rather than
randomy. A second assunption is that the error terns al

have a constant, specific or finite variance, so no one
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distribution is nore spread out than another about the
regression line. If the error terns are not evenly
distributed, then a pattern would energe on the residual
vs. fit plot.

Figure 6-7 presents a graph of the error terns versus
the normal scores of the error terns or what is referred to

in the statistical world as the normal probability plot.

3. 0+

Errors - *

1.5+
- *
- * * %
- * *x %
0.0; FoRox
- * k%
: * %
- * * %
-1.5+ %
-------- L R Lk SR S |\ Y ofo] o -]
-1.40 -0.70 0. 00 0.70 1.40

Figure 6-7. Normal Probability Pl ot

To test the assunption of nornmality of the error
terns, the normal scores of the error terns are cal cul at ed.
The normal scores are values that resenble a standard
probability distribution. Thus, if the error terns are
perfectly normal in distribution, then a plot of the error
terms versus the normal score should show a rough 45-degree
straight 1|ine. As seen in Figure 6-7, the plot does
present a rough 45-degree straight line and the normality
assunption is net.
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D. COVWPARI SON OF MATHEMATI CAL MODEL ESTI MATES VS. FORMER
FORT ORD ESTI MATES

The purpose of this section is to conpare the forner
Fort Od estimates with the regression nodel’s Total Cost
forecast. Utilizing a spreadsheet program such as
Mcrosoft’'s Excel™ nodel forecast estimates using the
regression equation mght be found. Table 6-5 displays the
dependent and independent variables, transfornmed dependent
variable, error, fit, and normal score values, nodel square
root values (Mdel sqrt($TC)), and finally, nodel Total
Cost val ues(Model $TC).

The Mdel sqrt($TC) colum displays the square root
val ues produced using the regression equation. Squari ng
the Mbdel sqrt($TC) values produces an estimated cost for
the 20 sites as displayed in the Mddel ($TC) col um.

To validate the accuracy and effectiveness of the
devel oped nodel estimation tool using regression analysis,
5 of the 20 sites provided DOD nodel estinates in the
available After Action Reports and are chosen for
conpar ati ve anal ysi s.
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SITE $TC Model sqrt Model MH VCM SE/UXO Errors Yc Nscore
($TC) ($TC) sqrt($TC)

OE-44 407543 553984 638.3909 744.3011 8803 5 0.0526 -0.8677 744.9803 -0.5895
OE-10B 1229128 1079938 1108.6605 1039.2005 25679 5 0.0049 0.5433 1040.1330 0.3146
OE-35 3995 54640 63.2060 233.7512 96 1 1.0000 -1.3342 234.1700 -1.4034
OE-15(R&T) 496724 398090 704.7865 630.9436 13649 2 0.0023 0.5646 631.5949 0.4478
OE-15(SEA) 677704 494738 823.2278 703.3760 10075 4 0.0074 0.9063 704.0406 1.1281
HTW 275094 336084 524.4940 579.7277 6770 3 0.0033 -0.4207 580.3092 -0.3146
OE-55 598808 394886 773.8269 628.3995 9619 3 0.0067 1.0862 629.0237 1.4034
FUEL BRKS 396932 470674 630.0254 686.0568 9040 4 0.0024 -0.4319 686.7058 -0.4478
OE-42 686042 264049 828.2765 513.8572 7014 2 0.0328 24282 514.4089 1.8682
OE-14D 2773860 2883106 1665.4909 1697.9710 75673 2 0.0000 -0.3595 1699.5540 -0.1868
OE-10A 1843541 1583777 1357.7706 1258.4820 38422 5 0.0039 0.7851 1259.6060 0.7441
OE-11 406531 285298 637.5978 534.1333 8602 2 0.1053 0.7886 534.7093 0.9191
OE-54 135854 261535 368.5838 511.4052 3093 3 0.0556 -1.0848 511.9316 -0.9191
OE-53 3133830 3088802 1770.2627 1757.4987 71324 4 0.0008 0.0997 1759.0834 0.0619
OE-21 26155 114102 161.7251 337.7895 589 1 0.0159 -1.5031 338.2112 -1.8682
OE-13B 1493362 1878585 1222.0319 1370.6149 48836 4 0.0017 -1.1731 1371.8618 -1.1281
LATRINES 58487 25323 241.8409 159.1316 1403 1 2.0000 0.7125 159.5747 0.5895
OE-32C 17130 20213 130.8816 142.1724 417 1 2.0000 -0.1014 142.6007 -0.0619
OE-45 265795 409880 515.5531 640.2187 6832 4 0.0833 -0.9577 640.8350 -0.7441
OE-23 59843 51733 244.6283 227.4496 1468 2 2.0000 0.1477 2279272 0.1868

Tabl e 6-5. Mdel Estimte Wrksheet

Table 6-6 displays the former Fort Ord s cleanup cost
estimate, the devel oped nodel estimte, Actual Total Cost,
and finally conparative variances between the data. For 4
out of 5 sites, the fornmer Fort Od Budgeted Cost of Wbrk
Performed (BCWP) were within $1,000 of Actual Cost of Wrk
Performed (ACW) and in all but one site, BCW was greater
than ACW ensuring noney was available to conplete the
proj ect . On the other hand, the Mddel Budgeted Cost of
Wrk Perfornmed (MBCWP) had MCV values ranging from $3, 000
to $385,000 over ACW with one of the sites having a MBCWP
of $8, 100 under ACWP.
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SITE BCWP MBCWP ACWP ACV MCV

OE-21 26167 114102 26155 ($12)  ($87,947)
OE-13B 1637133 1878585 1493362  ($143,771)  ($385,223)
OE-23 60843 51733 59843 ($1,000) $8,110
OE-45 265761 409880 265795 $34  ($144,085)
OE-32C 17144 20213 17130 ($14) ($3,083)

BCWP= Budgeted Cost of Work Performed
MBCWP= Model Budgeted Cost of Work Performed
ACWP= Actual Cost of Work Performed

ACV= Actual Cost Variance (ACWP-BCWP)

MCV= Model Cost Variance (ACWP-MBCWP)

Tabl e 6-6. Conparison of Model Estimate with
Fort Ord Estimte

It is clear that the former Fort Od cost estimates
nmore closely approxinmated Actual Cost of Wrk Perforned
than those developed by the regression nodel. Thus the
Fort Ord nodel is a better nodel. At first glance, it may
appear that even though the MBCWP provided nore noney for
t he cl eanup, having such |arge anmounts of noney being held
rat her than being used for other cleanup projects does not

efficiently utilize taxpayers’ noney.

E. SUMVARY

The results of this research and the forecast nodel
formul ation provide an extensive and practical foundation
from which to analyze UXO cleanup costs. By wutilizing
exi sting data and searching for paraneters that can be used
as independent variables, a regression equation can be
achieved that will explain each variable s influence on the
total costs of the cleanup project.

Even though the resulting Mdel Budgeted Costs ranged
bet ween $3, 000- $385, 000 above the actual costs, the nodel

52



is a useful tool that DOD policy makers could utilize.
This nodel could provide DOD with a quick cleanup cost
estimation pocket t ool t hat coul d be used when
contenplating the closing of a mlitary facility during
future BRAC procedures. This nodel does not rely on
expensive, tinme consumng and often conplicated conputer
cost estimation prograns, but is very straightforward and

can be run on a | aptop conputer.
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VI 1. CONCLUSI ONS AND RECOMVENDATI ON

This thesis denonstrates a nodel for predicting cost
estimates of UXO cl eanups. Utilizing existing data from
the former Fort Ord, a three variable nodel was devel oped
that could be used as a quick reference, pocket tool for
Department of Defense policy nakers when contenplating
placing an installation on future Base Realignnent and
Closure lists.

Chapter | established the need for the research and
outlined the questions to be answered. Chapter |l provided
an overview of mmjor legislation affecting environnental
cl eanup of UXO Additionally, Departnent of Defense
Directives introduced the reader to an understanding of the
i nportance of UXO cleanup. Chapter 111 addressed the
phases associated with a non-tinme-critical renoval action
including Prelimnary Assessnent, Site Investigation,
Engi neeri ng Evaluation/ Cost Analysis, Renoval Design and
Action, and Post-Renoval Action. Chapter IV listed the
maj or players and their roles at the fornmer Fort Od
I nstall ation. Chapter V discussed nethods of vegetation
cl earance and provided an overview of their pros and cons.
Chapter VI covered the data, regression analysis, analysis
outcones, and a conparison of the nmathematical nodel
estimates versus the former Fort Od estinates. Thi s
chapter provides conclusions, recomendations, and topics

for further research.
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A CONCLUSI ONS

The cost estimation program utilized at the forner
Fort Od Installation proved to be a better estimator of
actual cost required to successfully cleanup UXO than the
devel oped regression nodel. This statenent is supported by
anal ysi s discussed in Chapter VI of this thesis.

In light of the above statenent, the devel oped cost
estimating nodel wusing regression analysis could provide
DOD officials with a quick, pocket tool for estimating the
cost of UXO cl eanup. Policy nakers could save tinme and
noney, because the devel oped nodel uses only three
variables to assess cost. Because there was a w de cost
variance between the nodel costs and actual costs,
addi tional variables could be added to enhance the results.

A maj or problem encountered during the witing of this
thesis was the |ack of conplete and detailed information on
all conpleted cleanup sites wthin DOD. The thesis
analysis in Chapter VI focused on data from only one site
because of the commnality found anong the After Action

Reports. DOD does not currently have a workabl e database
t hat enconpasses common dat a from al | def ense
installations. Having a common database could enhance

current processes and procedures associated wth UXO
cl eanup.

Anot her problem encountered was that there was no
standard cost estimation program currently in use
t hr oughout DQOD. During research it was discovered that
accurate cost estimation rested heavi |l y upon t he
installation program offices and, because of this, they are
allowed to use any cost estimation program they believe to

be accurate and reliable. Because of this fact, cost
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estimation accuracy coul d vary greatly from one
installation to the next.

A third problem encountered was the anount of
environnental legislation affecting UXO cleanup. Wi | e
researchi ng vegetation clearance nethods, it was discovered
that many of the nethods that were nore economcal to use,
were elimnated from selection due to their conflict with
one or nore of the many governing regulations. Rel axi ng
sonre of the regulations could provide for greater cost

savings by freeing up alternative nethods for selection.

B. RECOMVENDATI ONS

I ndi viduals who are tasked with providing DOD policy
makers wth cost estimate information for UXO cleanup
should strongly consider wutilizing this nodel as a basic
t ool . Because the nodel erred towards higher budgeted
costs than actual costs in the mpjority of the estimtes,
this nodel would be fairly safe to use as a quick reference
tool. Also, because there are many potential installations
that could be assessed for a BRAC list, this nodel my
prove to be a great cost and time saving tool during early
sel ection.

DOD should seriously consider wusing this nodel and
even providing research tine into updating and enhancing
t he accuracy of the nodel.

It is highly recomended that DOD take steps toward
standardi zing the cost estimation process for UXO cl eanup.
One cost estimation program being used by sone mlitary
conponents is the Renedial Action Cost Engineering and
Requi renents (RACER) system  The program was devel oped for
the United States Air Force in 1991, but could prove to be
useful throughout DOD followi ng validity testing.
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There are nany other prograns being used by civilian
contractors that could prove to be better estimators of
cost. The bottomline is that action needs to be taken to
achi eve a standardi zed program

Anot her recommendation would be for DOD to provide
deci sion makers at the conponent level with a basic |aptop
driven program Such a program could be used to provide
gquick answers to UXO cleanup cost estimation questions
within a tolerable range of accuracy. A nore detailed cost
estimate could be provided at a later tinme once authority

to close an installation has been received.

C. FURTHER RESEARCH

The developed regression analysis cost estimation
nodel is currently in the early developnental stages and
could prove to be a valuable, cost saving tool if further
refined. Expandi ng the scope of this research to include
ot her installations would undoubtedly enhance this nodel.

A nore detailed database of UXO cleanup costs is
needed for this nodel and any existing nodel to better
serve the Departnent of Defense. This thesis provides a
basis for future thesis research and could easily be
i nproved as nore historical cost data becone avail abl e.

Anot her area of further research that could be studied
is conmbining many of the environnental legislations into a
single legislation that enconpasses the mmjor benefits of
each. The effects this would have on future cleanup

projects and the potential cost savings could be anal yzed.
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